Objective: To identify predictors and impact of adherence to a multifactorial fall-prevention program on falls and health service utilisation. Methods: Randomised controlled trial with a priori subgroup analysis within intervention group according to adherence. Participants were community dwelling, (≥65 years), not transported to hospital following fallrelated paramedic care. The Attitudes to Falls-Related Interventions Scale (AFRIS) was completed at baseline, adherence levels were measured (three-point scale) at six months, and falls and health service utilisation were recorded for 12 months. Multivariate logistic regression and area under the curve were calculated with 95% confidence interval (CI). Results: Attitudes to Falls-Related Interventions Scale scores (n = 85) were independent of baseline characteristics. At six months, 39 (46%) participants reported full adherence. Independent predictors of adherence were positive AFRIS (OR 4.10, 95% CI 1. 48-11.39) and receiving 3+ recommendations (OR 3.36, 95% CI 1.26-9.00). Adherers experienced fewer falls (IRR 0.53,) and fall-related health service use (emergency department presentations IRR 0.37, 95% CI 0.17-0.82) compared to non-adherers. Conclusion: Older adults who adhere to recommendations benefit, regardless of fall-risk profile.
Introduction
Fall-prevention strategies for community-dwelling older people have been extensively studied over the past three decades [1] . Best practice guidelines outline a range of fallprevention interventions, some of which are individually tailored [2] . Older adults who require fall-related paramedic care tend to be frailer, with more comorbidities, than the general population of community-dwelling older adults [3] , and are therefore a group that may particularly benefit from a tailored fall-prevention approach.
Regardless of program efficacy, interventions will only be effective if participants adopt and adhere to intervention protocols [4] . Adherence rates vary considerably depending on the type of intervention offered. Adherence rates exceeding 80% have been reported for interventions that involve one component such as a single annual dose of vitamin D [5] , while more complex interventions, such as home modifications, have resulted in adherence rates below 60% [6] . Adherence to multifactorial interventions is also reported to be lower than adherence to single intervention programs, with adherence rates to individual components reported to be as low as 28% [7] , possibly due to participants being overwhelmed [8] . Incongruously, single interventions are reported to be less effective at reducing falls risk and rate in high-risk participants [9] , possibly as not all relevant factors are addressed, reducing the intervention effectiveness.
Preventing falls is generally acknowledged by older people as important; however, they often reject advice which is seen as unnecessary, or not personally relevant or appropriate [10] . Conversely, awareness of fall risk may be the motivation needed to participate in a fall-prevention program [10] .
Previous trials have focused on determinants of adherence to single rather than multifactorial programs, due to the complexity of the interaction between intervention components and the primary outcome (falls prevented). There is a lack of studies addressing both aspects of intervention adherence, namely (i) determinants of adherence and (ii) the impact of adherence on fall prevention and health service use within a single cohort.
This planned secondary analysis of intervention group (IG) data from a randomised controlled trial (RCT) (known as iPREFER [11] ) investigated factors influencing adherence to a multifactorial fall-prevention intervention offered to older people who have fallen and who received paramedic care but were not transported to a hospital emergency department (ED). Proactive support was offered to IG participants with the aim of enhancing adherence to a fall-prevention program. Adherence to recommendations was analysed to determine the impact of adherence on future falls and unplanned health service use.
Methods
The trial methods of the iPREFER study have been previously reported [11] , and the trial was designed with reference to the CONSORT guidelines. In brief, a RCT investigated whether a multidisciplinary intervention, offered to older people who have fallen and who received paramedic care but were subsequently not transported to hospital, was able to reduce subsequent falls and unplanned health service use. In total, 221 participants aged 65 years and older were recruited from the Eastern Suburbs of Sydney, Australia. Following detailed fall-risk assessment, participants were randomised into control and IGs. Participants in the IG received proactive assistance from a clinical researcher (physiotherapist/exercise physiologist) to prioritise intervention strategies based on their individual fall-risk factors, including facilitation of referrals or liaison with health-care providers. Participants with impaired functional and/or physical ability, determined by age-adjusted averages, had an exercise program prescribed and delivered by a physiotherapist. Home environment assessments and modifications were delivered by an occupational therapist in instances where home safety issues were identified. Participants who were taking multiple medications, or medication known to increase fall risk (e.g. antipsychotics), were referred to a pharmacist who undertook a home medication review. Participants who presented with visual impairment and who had no recent visual assessment were referred to an optometrist for review in the community or at home. Lastly, participants who presented with complex medical needs or multiple risk factors were referred to a falls, balance and bone health clinic or aged care clinic at their local hospital for review by a geriatric specialist.
Control group participants were provided with personalised written recommendations to address their fall-risk factors, but no further support to implement recommendations was provided [11] .
Participants' falls and health service use (fall-related and fallunrelated) were followed up for 12 months. Intention-totreat analysis showed no significant difference between groups in subsequent falls and health service use. The perprotocol analyses, however, revealed that the intervention participants who adhered to the recommended interventions had significantly fewer falls compared to non-adherers and significantly lower rates of health service use [12] .
Adherence measures
After completion of the baseline assessment and receipt of fall-prevention intervention recommendations, IG participants completed the Attitudes to Falls-Related Interventions Scale (AFRIS) [4] . This scale is a validated measure of the acceptability of fall-related interventions and is based on the theory of planned behaviour [13] , and it provides a measure of intention of successfully undertaking health-related interventions. Participants rated the acceptability of the tailored intervention by responding to six statements on a seven-point scale. The sum of all responses (range 6-42 points) provided a measure of how positive participants' attitudes were towards the intervention, with higher scores indicating greater intention.
At six months, participants were asked to report whether they had completed each of the individual interventions as recommended at baseline. The self-reported adherence to recommendations was recorded on a three-point scale: (1) completed as recommended, (2) partially completed (i.e. exercised sometimes) and (3) not completed. Participants were categorised as 'adherers' if they completed all of their personal recommendations or 'non-adherers' if they did not. Recommendations were provided following extensive fall-risk assessment and were therefore relevant to the individual. It is not possible to speculate on the impact of 'partial' or 'non-completion' on the treatment effect (fall prevention); hence, full completion on all recommendations was required to be categorised as an 'adherer'. 'Partial adherence' was classified as 'non-adherence'.
A priori subgroup analysis according to adherence levels aimed to understand the determinants of adherence to the multifactorial program and measure the impact of adherence on subsequent falls and health service use. Participants randomised into the IG who were re-assessed at six months were included in this analysis (n = 85).
The primary outcomes were the rate of falls and fallrelated injuries during the 12-month follow-up period. Fall-related and non-fall-related health service utilisation (paramedic re-attendance, ED presentation and hospitalisation) were recorded as secondary outcomes. Falls and health service use were recorded on monthly calendars. This method of monthly falls/outcome ascertainment is recommended as best practice to minimise reporting bias by the Prevention of Falls Network Europe -an international collaboration fostering consensus about fall research methods [14] .
Statistical analysis
Descriptive statistics were used to summarise demographic data. Baseline comparisons between groups were performed using parametric and nonparametric tests based on distributions of the variables. Initially, the association between adherence, reported on the three-point scale, and AFRIS baseline scores was assessed with a Spearman correlation coefficient. In further analyses, a cut-point of 31 or above on the AFRIS was considered a positive attitude towards the individualised recommendations. This cut-point equated to 'slightly agreeing', 'agreeing' or 'strongly agreeing' with the acceptability of the recommendations. Multiple imputation [5] was used to deal with AFRIS scores which were missing completely at random, and all 85 participants were included in univariate/multivariate analysis to reduce bias [15] .
Univariate associations between potential predictor variables and adherence were assessed using binary logistic regression. Key variables from each domain (Table 1) were chosen if they were (i) known falls risk factors (i.e. age, or number of medication), (ii) impacted by a fall (i.e. quality of life -EQ-5D) or (iii) potentially associated with adherence (e.g. number of recommendations) [12] . Continuous predictor variables with P-values <0.05 in univariate analyses were dichotomised at the median and included as candidate predictor variables in a multivariate logistic regression model (backward selection). The model's discrimination (i.e. ability to distinguish between adherers and non-adherers) was assessed using the area under the receiver operating characteristic (ROC) curve (AUC) with 95% confidence intervals (CI). Differences between AUCs for single variable and multiple variable models were contrasted using the Stata ROCOMP command.
To assess the moderating effect of adherence on study outcomes, negative binominal regression was used to analyse differences between adherers and non-adherers for all outcomes measures. Incidence rate ratios (IRR) were reported with 95% CIs. Analyses were conducted using SPSS version 20.0 (SPSS Corp) and Stata v13 statistical software.
Results
One hundred and eleven participants were randomised to the IG, and 85 (77%) completed a follow-up assessment after six months. All IG participants have complete falls and health service use data for the 12-month follow-up period, or until death (n = 3).
Participant characteristics are presented in Table 1 . Results showed no significant differences in health, physical functioning or lifestyle characteristics between participants who 
Adherence to recommendations
Fifty IG participants (56%) had a positive attitude towards the fall-prevention recommendations and indicated they would complete the recommendations ( Table 2 ). The remaining participants reported neutral or negative intentions towards their recommended fall-prevention interventions. Exercise therapy was recommended most frequently and had a 54% adherence rate, while specialist clinics were attended least often (13%) ( Table 3) . Overall, 39 participants (46%) were intervention adherers (completed all their recommended interventions) and 46 (54%) were nonadherers. Baseline AFRIS scores correlated significantly with reported adherence at re-assessment (Spearman r = 0.43, n = 75, P < 0.0001).
Predictors of adherence
Univariate analyses identified two baseline variables to be significantly associated with intervention adherence: receiving 3+ fall-prevention recommendations and positive intention to adhere as measured by the AFRIS (Table 4) . Both variables were retained in the multivariate logistic regression model: high AFRIS score (≥31) (OR 4.10, 95% CI 1.48-11.39) and 3+ fall-prevention recommendations (OR 3.36, 95% CI 1.26-9.00). The AUC for the two variables was 0.73 (95% CI 0.62-0.84, P = 0.021). The AFRIS alone was less accurate at discriminating between adherers and non-adherers, with an AUC of 0.67 (95% CI 0.54-0.79, P = 0.01), and this was significantly lower than the AUC for the two-variable model (P = 0.02).
Effect of adherence on outcome measures
Falls and injurious falls During the 12-month follow-up period, 276 falls were reported within the IG. Adherers and non-adherers had fall rates of 2.06 and 3.15 falls per person year, respectively (IRR 0.53, 95% CI 0.45-0.80; Figure 1 ). Adherers also experienced fewer injurious falls compared to nonadherers; however, this difference was non-significant (IRR 0.66, 95% CI 0.37-1.19).
Health service utilisation
Adherers utilised fewer health-care services than nonadherers with significant between-groups differences observed for fall-related paramedic attendances (IRR 0.51, 95% CI 0.30-0.88), all-cause ED presentations (IRR 0.51, 0.28-0.84), fall-related ED presentations (IRR 0.37, 95% CI 0.17-0.82) and fall-related hospitalisations (IRR 0.37, 95% CI 0.16-0.89) (Figure 1 ). There was no significant difference between the groups for all cause hospitalisations.
Discussion
As part of a clinical trial, older community-dwelling adults who had received fall-related paramedic care were offered individualised fall-prevention recommendations. Participant adherence appeared to be driven by two factors: baseline intention to adhere and number of interventions prescribed. When the tailored multifactorial program was adhered to as per protocol, it resulted in significant benefits in terms of fewer falls, paramedic re-attendances, ED presentations and fall-related hospitalisations.
Determinants of adherence
Intervention adherence varied greatly among participants and across recommendations. Some participants declined certain recommendations stating they were not relevant or beneficial (Table 2) , which is in line with other adherence studies [10] .
Varying uptake/adherence rates to multifactorial interventions have also been previously reported with one study stating that the exercise therapy component was commenced by 64% of participants, but completed as per protocol by only 34% [7] . Adherence to specialist interventions varied widely with compliance rates ranging from 58 to 92% [16] , while others report that up to 85% of participants decline this recommended intervention all together [17] .
'Intention' as measured by the AFRIS [4] has been described as a key determinant of behaviour change and has been shown to be an important factor in predicting 13 (17) adherence to fall-prevention interventions in older people [18] . In the current study and despite having consented to participate in the program, only half of the IG indicated good intent to comply with the interventions, which matches previous studies [19] . A significant correlation between attitude to the program at baseline and adherence rates, measured on a three-point scale, was observed. This relationship was independent of medical history, frailty, fall history or other patient characteristics. Further, perception of intervention effectiveness and the individual's risk of future falls rather than participants' characteristics/comorbidities were identified as factors which influence positive intention towards a fall-prevention program.
Factors known to reduce compliance in clinical studies include perceived adverse events, physical difficulties and inconvenience [20] . Similarly, in this study, completing an exercise intervention or attending a specialist clinic was viewed by some participants as a burden rather than as a beneficial fall-prevention intervention.
The only predictors of adherence in the current study were number of recommendations prescribed (likely reflecting fall risk) and AFRIS-assessed intention to undertake the interventions. In contrast, previous research identified patient characteristics such as poor mobility [21] , depression or impaired cognition [22] to negatively influence adherence to exercise for fall prevention. This disparity may be due to factors that influence adherence to an exercise program differing to those that influence adherence to a multifactorial program.
Impact of adherence on outcome measures
Within this cohort, optimal treatment dose and adherence to the study protocol resulted in a significant reduction in fall rates. This is consistent with a UK study [23] that offered a multifactorial fall-prevention program to nontransported older people who have fallen, and reported high adherence levels and subsequent fall rate reduction in IG participants. The finding that those who adhere poorly show little or no beneficial effects is not surprising and is consistent with previous studies [24] . The evidence for adherence being a moderator of treatment effectiveness is, however, inconsistent [17] , potentially due to the low threshold chosen to be considered 'adherers', and a more stringent cut-off point may better discriminate between those who do and do not show beneficial intervention effects [25] .
Strengths and limitations
Our target group of non-transported older fallers were successfully linked into existing services; however, adherence varied significantly. Further research is needed to identify the facilitators and barriers to intervention adherence in this high-risk population and to offer more appropriate care to those who may be hesitant to engage with fall-prevention strategies. A systematic review [26] supports this idea, stating that viewing falls as 'preventable rather than predictable' is a valuable adherence facilitator.
Other study strengths were the close adherence to the study protocol and CONSORT guidelines regarding randomisation, blinding and recording of adverse events. In line with recommendations from the ProFaNE Group in 2007 [27] , we attempted to raise awareness of participants' fall risk, as identified during baseline assessment and potential benefits of the intervention. However, this may not have been sufficient as some studies suggest that low adherence rates are due to care not being sufficiently patient-centred [21] and participants not being fully involved in decision-making with regard to the nature and conduct of their fall-prevention strategies [28] . However, within the constraints of a research study protocol, it is not always possible to have the flexibility to allow participants to be involved in decision-making.
Our finding that AFRIS scores were significantly correlated with intervention adherence compliments other trials which have found that adherence is promoted by the belief that an intervention can effectively reduce fall risk [29] . Future studies should assess whether providing written advice only can achieve good adherence and subsequent benefit in participants who report a positive intent towards the program at baseline, and what alternative strategies are optimal for those who indicate they are unlikely to adhere.
The subgroup analysis (adherers vs. non-adherers) was preplanned, and the hypothesis was specified a priori. Further criteria specified by Sun et al. [30] are met in our analysis which strengthens the credibility of the subgroup effect calculated and allows for clinically meaningful interpretation. Participants willing to complete their individualised recommendations to their best of their ability are able to significantly benefit from this model of care and are not limited by their baseline characteristics.
Study limitations include that the adherence rates to the multifactorial program varied largely within this cohort and were lower than adherence rates previously reported in single intervention trials. It is possible that not all important risk factors relevant to the individual were addressed, with the consequence of reduced potential for effective intervention. In the absence of a standardised scale to objectively measure adherence, adherence was self-reported by participants, possibly resulting in social desirability biases (over reporting to satisfy the researcher) and participants being 'wrongly classified' as 'adherers'. Results, however, show significant benefit for 'adherers' even if possible 'non-adherers' were included in this group.
While this quantitative exploration of factors influencing adherence yielded important results, further qualitative analysis is recommended to complement these data and is likely to reveal additional findings relating to attitudes and perceptions held by older adherers that might serve to contextualise the results presented herein. Lastly, exploring the impact of falls and health service use on subsequent adherence (during the follow-up period) could increase our understanding of why adherence rates vary so greatly between participants.
Implications for clinical practice Significant treatment effectiveness was achieved when participants fully adhered to their individualised recommendations. Models of care relying on high adherence rates need to prioritise relevant interventions based on potential benefits and eliminate barriers which may compromise adherence, for example through proactive assistance, increased frequency of follow-ups, understanding the participants' motivation and tailoring interventions to the individual's needs and circumstances. As AFRIS scores significantly correlated with adherence levels, it may be necessary to prioritise those participants who state a positive intention over those who state a lack of intent in the interest of limited health-care resources and treatment effectiveness. Future studies should consider including participants based on their motivation to adhere, rather than excluding participants based on medical history or other characteristics.
Currently, usual care for non-transported fallers requires individuals to seek their own follow-up care. This model of care was able to demonstrate that linking participants into existing community fall-prevention programs is possible and has the potential to achieve beneficial outcomes for the individual through reduced fall rates and for society through reduced health and social care resource use. These research findings provide evidence to optimise the care and resource use in this high fall-risk population. Figure 1 : Forest plot of prospective falls and health service use during 12-month follow-up period. Comparing adherers versus non-adherers. Incidence rate ratio (IRR) for prospective falls, injurious falls and health service utilisation in intervention group participants, with consideration of adherence; non-adherer group used as reference category. CI, confidence interval; ED, emergency department; FR, fall-related utilisation.
Conclusion
Two main factors (3+ recommendations and positive intention) were found to be significantly associated with intervention adherence. Participants who fully adhered to the protocol had substantial benefits with respect to fewer falls and less associated health-care use. This study highlights the utility of determining participant intention to engage in fall-prevention interventions, and the results may assist in targeting and adapting limited health resources.
